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(54) Apparatus for temporarily immobilizing a local area of tissue 



(57) The invention is apparatus for performing beat- 
ing heart surgery, in which a single articulating arm sup- 
ports multiple suction pods. Once the suction pods are 
applied to the heart surface, tightening a cable fixes the 
arm in place. Then, the suction pods may be spread 
apart from each other to tighten the surface of the car- 



diac tissue lying between the suction pods. In one em- 
bodiment, fixation of the arm as well as the spreading 
apart of the suction pods may occur concurrently or al- 
most concurrently through the tensioning of a single ca- 
ble. Additional embodiments of the method, system and 
its components are shown. 
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Description 



[0001] The present invention generally relates to surgery on body tissues and organs. More specifically, the present 
invention relates to any apparatus for temporarily immobilizing a local area of tissue subject to motion, such as the 

s heart wall, which permits a surgical procedure to be performed on that local area of tissue. 

[0002] Coronary artery disease remains the leading cause of morbidity and mortality in Western societies. Coronary 
artery disease is manifested in a number of ways. For example, disease of the coronary arteries can lead to insufficient 
blood flow to various areas of the heart. This can lead to the discomfort of angina and the risk of ischemia. In severe 
cases, acute blockage of coronary blood flow can result in irreversible damage to the myocardial tissue including 

10 myocardial infarction and the risk of death. 

[0003] A number of approaches have been developed for treating coronary artery disease. In less severe cases, it 
is often sufficient to merely treat the symptoms, with pharmaceuticals, or treat the underlying causes of the disease, 
with lifestyle modification. In more severe cases, the coronary blockage can be treated endovascularly or percutane- 
ously using techniques such as balloon angioplasty, atherectomy, laser ablation, stents, and the like. 

is [0004] In cases where these approaches have failed or are likely to fail, it is often necessary to perform a coronary 
artery bypass graft procedure. This procedure generally consists of the following steps: First, direct access to the heart 
is achieved. This is usually done by opening the chest by median sternotomy and spreading the left and right rib cage 
apart; and opening the pericardial sac to achieve direct access to the heart. 

[0005] Next, a blood vessel or vessels for use in the graft procedure are mobilized from the patient. This usually 
20 entails mobilizing either a mammary artery or a saphenous vein, although other graft vessels may also be used. 

[0006] Next, a heart-lung or cardiopulmonary bypass is performed. This usually entails arterial and venous cannu- 
lation, connecting the bloodstream to a heart-lung machine, cooling the body to about 32 degrees Celsius, cross- 
clamping of the aorta and cardioplegic perfusion of the coronary arteries to arrest and cool the heart to about 4 degrees 
Celsius. The arrest or stoppage of the heart is generally required because the constant pumping motion of the beating 
25 heart would make surgery upon the heart difficult in some locations and extremely difficult if not impossible in other 
locations 

[0007] Once cardiac arrest is achieved, then a graft (or grafts) is attached to the relevant portions of a coronary artery 
(or arteries) followed by weaning from the cardiopulmonary bypass, restarting the heart and decannuiation. Finally the 
chest is closed. 

30 [0008] One area which may create difficulties for the patient and extra expense and time for the procedure involves 
the cardiopulmonary bypass. In a cardiopulmonary bypass all the patient's blood, which normally returns to the right 
atrium, is diverted io a system which supplies oxygen to the blood and removes carbon dioxide and returns the blood, 
at sufficient pressure, into the patient's aorta for further distribution into the body. Generally such a system requires 
several separate components, includingan oxygenator, several pumps, a reservoir, a blood temperature control system, 

35 filters as well as flow, pressure and temperature sensors. 

[0009] Problems may develop during cardiopulmonary bypass due to the reaction blood has to non-endothelially 
lined surfaces, i.e. surfaces unlike those of a blood vessel. In particular, exposure of blood to foreign surfaces results 
in the activation of virtually all the humoral and cellular components of the inflammatory response, as well as some of 
the slower reacting specific immune responses. Other complications from cardiopulmonary bypass include loss of red 

to blood cells and platelets due to shear stress damage. In addition, cardiopulmonary bypass requires the use of an 
anticoagulant, such as heparin. This may, in turn, increase the risk of hemorrhage. Finally cardiopulmonary bypass 
sometimes necessitates giving additional blood to the patient. The additional blood, if from a source other than the 
patient, may expose the patient to blood borne diseases. 

[001 0] Due to the risks incurred during cardiopulmonary bypass, others have attempted to perform a coronary artery 
4 $ bypass graft procedure without cardiac arrest and cardiopulmonary bypass. For example, Trapp and Bisarya in "Place- 
ment of Coronary Artery Bypass Graft Without Pump Oxygenator", Annals Thorac. Surg. Vol. 19, No. 1, (Jan. 1975) 
pgs. 1-9, immobilized the area of the bypass graft by encircling sutures deep enough to incorporate enough muscle 
to suspend an area of the heart and prevent damage to the coronary artery. More recently Fanning et al. in "Reoperative 
Coronary Artery Bypass Grafting Without Cardiopulmonary Bypass", Annals Thorac. Surg. Vol. 55, (Feb. 1993) pgs. 
50 486-489 also reported immobilizing the area of the bypass graft with stabilization sutures. 

[0011] Current beating heart bypass surgery techniques demand relatively motionless epicardial tissue in the imme- 
diate vicinity of an anastomosis. Several systems are presently available which attempt to immobilize epicardial tissue 
in the immediate vicinity of an anastomosis through a simple mechanical fork. One of the many such systems presently 
available includes the Access™ system available from CardioThoracic Systems Inc., Cupertino, California. Such a 
system stabilizes the heart by pressing a fork downwards onto the heart surface. Through this pressure the region of 
the epicardium between the fork is immobilized. Commercially available systems use short arms mounted to retractors 
in close proximity to the chest cavity. Mechanical fork systems only operate successfully on vessels that can be im- 
mobilized by applying pressure in a downward direction. These systems are very useful for operations on the anterior 
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portion of the heart (such as the left anterior descending artery). However, fork systems are limited to their ability to 
manoeuvre a vessel into better view or for operating on the posterior portion of the heart. That is, fork systems are 
limited in their ability to "present" a vessel to the surgeon. This is an even greater drawback since fork systems stabilize 
only through compression, therefore often pushing downwards the area of surgical interest. In addition, the compression 
s of the heart can lead to diminished cardiac output, presenting a further risk to the patient's well-being. Finally, such 
systems, to date, have often featured rigid, inflexible arms which often interfere with the view or movements or both 
of the surgeon. 

[0012] Suction stabilization systems, such as the Medtronic Octopus® Tissue Stabilizer and Accessories (available 
from Medtronic, Inc., Minneapolis, Minnesota USA), use comparatively long, dual reusable articulating arms configured 

io with clamps at their distal ends to secure suction based tissue stabilizers. During use, the arms are typically secured 
to a rail on the side of the operating table. The suction grips and immobilizes the surface of the heart. Additionally, the 
system allows the surgeon to manipulate the anastomosis site into better view by rotating and supporting the heart. 
The system also allows the surgeon to apply tension to the tissue between the stabilizers. Thus, the system is much 
more versatile than mechanical fork style systems. The suction paddles or pods can attach to and immobilize the heart, 

'5 and can be used to manipulate the heart into better position so that the more difficult to reach vessels can be bypassed. 
[0013] Many surgeons have used the Medtronic Octopus® Tissue Stabilizer system to perform as many as five or 
six vessel bypasses. Some surgeons, in fact, report using the product on 50-90% of their cases. Nonetheless such a 
system is still in need of improvement. For example, such a system was relatively more cumbersome to set up than 
desired, requiring each stabilization arm to be individually fixed or immobilized. Moreover, because each arm worked 

20 individually, spreading the arms relatively apart was more difficult than desired. Finally, because the degree of spreading 
was not limited in any way, surgeons could spread the paddles apart at greater distance than desired, causing one or 
both paddles to spontaneously lose capture of the tissue. 

[0014] While these past products and attempts have achieved some success, there still exists a need to provide an 
apparatus for performing beating heart surgery which readily and quickly permits the immobilization or stabilization of 
2S a local area of tissue. 

[0015] The present invention concerns an advanced system for immobilizing or stabilizing a local area of tissue. 
[0016] According to one aspect, there is provided a system for stabilizing or temporarily immobilizing tissue com- 
prising: a paddle assembly, the paddle assembly having a first paddle and a second paddle, the paddle assembly 
further having means for spreading the first paddle away from the second paddle; an arm having a distal end and a 
30 proximal end, the distal end coupled to the paddle assembly, the arms having means for permitting the arm to flex, the 
arm having means for fixing the arm to an object. 

[0017] According to another aspect, there is provided a system for temporarily immobilizing an area of tissue com- 
prising: a paddle assembly, the paddle assembly having a first paddle and a second paddle, the paddle assembly 
further having means for moving the first paddle relative to the second paddle; an arm having a distal end and a proximal 

35 end, the distal end coupled to the paddle assembly, the arm having means for permitting the arm to flex, the arm having 
means for fixing the arm to an object; and arm locking means coupled to the arm, the arm locking means permitting 
the locking of the arm in any selected position wherein the distal end of the arm is maintained in the selected position. 
[001 8] According to another aspect, there is provided a system for stabilizing tissue comprising: a paddle assembly 
the paddle assembly having a first paddle and a second paddle, the paddle assembly further having means for spread- 

40 ing the first paddle away from the second paddle; an arm having a distal end and a proximal end, the distal end coupled 
to the paddle assembly, the arm having means for fixing the arm to an object; and means for spreading the first paddle 
and the second paddle apart, the means for spreading coupled to a proximal end of the arm. 

[0019] The invention is an apparatus useful for performing beating heart surgery. In one embodiment, a single artic- 
ulating arm supports multiple suction paddles of pods. Once the suction pods are applied to the heart surface, tightening 
a cable fixes the arm in place. Then, the suction pods may be spread apart from each other to tighten the surface of 
the cardiac tissue lying between the suction pods. In another embodiment, fixation of the arm as well as the spreading 
apart of the suction pods may occur concurrently or almost concurrently through the tensioning of a single cable. 
Additional embodiments of the system and its components are shown. 

[0020] The foregoing and other aspects of the present invention will best be appreciated with reference to the detailed 
description of the invention, given by way of example only, in conjunction with the accompanying drawings, wherein: 
[0021] FIGS. 1 -1 through 1-6 show various views of the apparatus according to the invention. 
[0022] FIG. 2 is an alternative embodiment of an apparatus according to the present invention. 
[0023] FIG. 3 is an exploded perspective view of the cable tensioning and device clamping mechanisms. 
[0024] FIG. 4 is a perspective view of the first of three preferred embodiments for tightening/spreading mechanism 21 . 
55 [0025] FIG. 5 is an exploded perspective view of the tightening components of FIG. 4. 

[0026] FIG. 6 is a perspective view of the second of three preferred embodiments for tightening/spreading mechanism 
21. 

[0027] FIG. 7 is an exploded perspective view of the tightening components of FIG. 6. 
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[0028] 

21. 

[0029] 
[0030] 
[0031] 
[0032] 



FIG. 8 is a perspective view of the third of three preferred embodiments for tightening/spreading mechanism 



FIG. 9 is an exploded perspective view of the tightening components of FIG. 8. 
FIGS. 10-45 show additional features and alternative embodiments of the present invention. 
The FIGS, are not necessarily to scale. 

The present invention is an apparatus for performing beating heart surgery, in which a single articulating arm 
supports multiple suction pods or other pods which may be used to grip or engage heart tissue and thus inhibit its 
motion. In one embodiment, once the suction pods are applied to the heart surface, tightening a cable fixes the arm 
in place. Then, the suction pods may be spread apart from each other to tighten the surface of the cardiac tissue lying 
between the suction pods. In one preferred embodiment, fixation of the arm as well as the spreading apart of the suction 
pods may occur concurrently or almost concurrently the tensioning of a single cable. Additional embodiments of the 
system and its components are shown. Support for conventional aspects of the invention may be found in the enclosed 
documents. 

US 5,727,569 (Benetti et a/.) WO 95/01 757 (Borst) 
US 5,782,746 (Wright) WO 97/10753 (Borst etal) 

Preferred embodiments of the invention are shown in the enclosed FIGS., and are described in detail below. 
[0033] FIG. 1-1 is a perspective view of a preferred embodiment of the invention. An articulating arm 20 is attached 
to support 24 on the proximal end of the arm, and terminates with tightening/spreading mechanism 21 at the distal end 
of the arm. On the opposite, more proximal, end of support 24 is handle 23. Distally beyond tightening/spreading 
mechanism 21 is a plurality (as shown, two) of suction paddles or pods 22, generally disposed along the same plane. 
Each suction pod 22 can be connected tc a suction source or vacuum (Shown in FIG. 2) by a conventional connection 
325 that lies at the proximal end of pod 22. Each pod and its suction ports disposed along the bottom surfaces 1 may 
be shaped and constructed in any acceptable manner, such as the same as those used in the Medtronic Octopus™ 
tissue stabilizer. Clamp 26 lies below support 24 and is designed to attach the entire device to conventional surgical 
retractors and other similar equipment (not shown). The preferred embodiment shown in FIG. 1 -1 is illustrative but not 
intended to be limiting insofar as the scope of the invention is concerned. For example, the handle 23 is shown in a 
preferred and highly stylized embodiment, but any device which performs the functions of the handle as described 
below would suffice. 

[0034] Articulating arm 20 comprises a plurality of "ball and socket" links. FIG. 1 -2 is a cross sectional view of a link 
used in the arm of the present invention. As seen, each link 120 has a hole 123 that passes through its centre. Each 
link 120 comprises, on its distal end, a hemispherical protrusion 121; and on its proximal end, a hemispherical inden- 
tation 122. The hemispherical shapes of adjacent iinks are nearly identical; such that the links rotate smoothly against 
one another provided they are not under undue tension with each other. 

[0035] Turning now to FIG. 1-3 which is a partial view of a section of the links and cable showing the engagement 
of the cable with the side wall of the links as the arm is bent. A cable 40 passes through the holes of all of the links 
and is connected between the handle 23 and the tightening/spreading mechanism 21 . Rotation of handle 23 tightens 
the cable and causes the links to hold against each other in place. Immobilization of the links relative to each other 
during tightening of the cable is facilitated by the shape of the hole 123. As seen, the hole is flared, having a larger 
opening with the surface of the hemispherical protrusion 121 and a smaller opening through the surface of the hemi- 
spherical indentation 122 The links, as seen in FIG. 1-1, vary in size along the length of the arm, with the links in the 
most proximal portion of the arm being largest, the links in the distal portion the smallest and the middle portion some- 
where in between. In the preferred embodiment the links have the following outer diameters and radius of curvature 
for the hemispherical protrusion and radius of curvature for the hemispherical indentation along each of these portions 
as follows: 



Portion of arm 


mm (inches) 


R 2 mm (inches) 


DIA mm (inches) 


Most distal portion 

Middle portion 

Most proximal portion 


6.275 (0.251) 
7.825 (0.313) 
7.925(0.317) 


6.25 (0.250) 
7.775 (0.311) 
9.35 (0.374) 


12.05 (0.514) 
15.925 (0.637) 
19.075 (0.763) 



[0036] In the preferred embodiment, the links are fabricated out of highly rigid engineered thermoplastics such as 
glass filled Ultem™ (available from GE Plastics, Pittsfield, Massachusetts.) Preferably the highly rigid engineered ther- 
moplastics includes at least 20% glass fiber, and better still at least 30% glass fiber. This material offers stiffness 
comparable to metal systems, and yet can be manufactured at costs that allow for single use disposability The cable 
is preferably a multi-stranded stainless steel cable having between approximately 7 to 1 9 strands. The links and cable 
may also be manufactured from other materials, including any other suitable highly engineered polymers including any 
number of available liquid crystal polymers for the links, as well as many other types of cables, including bundle strand- 
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ed, braided or cabled titanium as well as Kevlar™ for the cable. 

[0037] The preferred embodiment also employs a textured surface molded or otherwise formed into the hemispherical 
features of the links. When the links are pulled together during tightening, the texturing causes an increase in coefficient 
of friction between the adjacent spherical surfaces. This has the highly desirable benefit of increasing overall system 

s stiffness. This is depicted in FIG. 1 -4, which depicts the roughened surfaces between the ball and socket, such that in 
tension, the elements are more securely linked together. As seen, in the preferred embodiment, the texture provided 
is irregular, that is, the texture is non-uniform, and has an average height spanning approximately (peak to valley) of 
between 20 to 100 microns, with an average height (height avg ) spanning approximately 40 microns preferred. As seen 
in FIG. 1 -5, moreover, in an alternative embodiment texture may be provided through a symmetrical structure, depicted 

10 here as a series of interlocking dimples 1 27 and hemispheres 1 28. Other geometries may also be used, including both 
surfaces having the same elements, such as hemispheres, as well as other shapes, including notches or grooves, to 
name only a few. 

[0038] In this embodiment, articulating arm links 120 have a decreasing outer diameter from the proximal portion to 
distal end portion of the arm. This is also seen in FIG. 1 -1 , where outer diameter of the most proximal link portion D MPL 

is is larger is that the outer diameter of the middle link portion D MLP which, in turn, is larger is that the outer diameter of 
the most distal link portion D MDL . Decreasing the link diameter allows a lower profile assembly that improves the ability 
of the surgeon to use the device without unduly restricting accessibility to the surgical site while further ensuring ade- 
quate rigidity. In the preferred embodiment D MPL is approximately 18.75mm (0.75 inches), D MDL is approximately 
12.5mm (0.50 inches) and the D MLP a outer diameter of approximately 15.625mm (0.625 inches), and the total arm 

20 length is approximately 22.5cm (9 inches) without the pods. Further, in the preferred embodiment the most proximal 
link portion features 19 links, the middle link portion features 4 links, and the most distal link portion features 3 links. 
[0039] FIG. 1-6 is a view of the bottom of the suction pods 22. As seen, in the preferred embodiment four suction 
ports 133 in a row are featured, although the specific or exact number and position used may vary. Each suction port 
133 has a suction aperture 132, each of which is preferably located at a position off-center from suction port 133. 

25 Suction apertures 132 are positioned off center from suction ports 133 so that if a large upwelling of tissue is caused 
by the suction (which may occur as a blister or bell-shaped curve) the tissue will not immediately close off the suction 
by obstructing suction aperture 1 32, as it would if the aperture were in the center of suction port 1 33. In addition, each 
suction aperture 1 32 has a much smaller opening surface area diameter as compared to the diameter of suction port 
133. This creates a high resistance pathway between suction port 1 33 and suction conduit 131 which permits the loss 

30 of a tissue-to-port seal in one suction port (and thus loss of fixation of the suction port to the tissue) to not also cause 
a precipitous pressure drop in the remainder of the suction ports. In the preferred embodiment suction port 133 has a 
diameter of 6 mm. while each suction aperture 1 32 has a opening surface area of approx 3 sq. mm. Each suction port, 
moreover, is generally straight sided. 

[0040] In an alternative embodiment, as shown in FIG. 2, the links of articulating arm 20 are covered with a thin 
35 walled elastomeric sheath 27. The sheath serves to prevent fragile sutures from catching on the edges where the links 
join. Sheath 27 is preferably manufactured of silicone rubber, although other materials, such as latex rubber or poly- 
urethane or even collagen, may also be used. 

[0041] FIG. 3 is an exploded perspective view of the cable tensioning and device clamping mechanisms. Tension is 
applied to cable 40 by a torque screw and nut configuration at the proximal end of the device. Cable 40 passes through 

40 mount 24, and then through the bore of torque screw 25, and terminates in a swaged connector 27. In the preferred 
embodiment shown, the torque screw interacts with a corresponding nut portion 13 which is integrally formed within 
handle 23, although an embodiment in which handle 23 turns a separate nut is within the scope of the invention. The 
torque screw preferably is threaded at 4.8 threads per cm (12 heads per inch). As handle 23 is rotated, torque screw 
25 engages nut portion 13 and advances proximally into handle 23, tensioning cable 40. It is preferred, for safety 

45 purposes, for the degree or amount of cable tensioning in the system to be limited. In the preferred embodiment this 
is accomplished by sizing housing 24, torque screw 25, and handle 23 such that torque screw 25 may advance into 
handle 23 along nut portion only a predetermined amount. In such a manner the system is configured so that the cable 
may not be over-tensioned, i.e., tightening of cable 40 is limited so as to remain comfortably below the rated strength 
of cable 40. 

[0042] The torque screw, through the mechanical advantage of a 4.8 threads per cm (12 thread per inch) torque 
screw allows cable tensions as high as 227 kg (500 lb) to be applied by hand. While the actuation is somewhat slower 
than possible other type actuators (e.g. scissors-type actuator) the high tension in the cable optimizes arm rigidity. 
[0043] Arm rigidity is further enhanced through the interplay between the multi-stranded cable riding on the inner 
diameter of the plastic segments. The multi-stranded cable riding on the inner diameter of the plastic segments induces 
additional friction which optimizes stability. As the cable is tensioned at high load values (> 91 kg) (> 200 lb), the cable 
digs into the inner diameter of the softer plastic of the segments. This is depicted above in regards to FIG. 1-3 which 
is a partial view of a section of the links and cable showing the engagement of the cable with the side wall of the links 
as the arm is bent. Since the cable is striated with typically 7-1 9 strands, the result is a strong interlocking of cable and 
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25 



plastic segments. The interlocking of the stranded cable to the plastic segment increases the coefficient of friction 
between cable and plastic segment. This further locks up segments to each other since they cannot slide easily along 
the cable, thus enhancing arm rigidity. Below sufficient cable tension, however, the cable does not dig into the links 
and cause the strong increase in coefficient of friction. Additional embodiments of the invention may also feature cables 
s of greater surface roughness, as well as sheathing the cable in material sheaths having a greater coefficient of friction 
than the cable itself. Such friction enhanced sheaths are believed particularly useful where cables other than stranded 
cables are used, such as Kevlar™ cables, as mentioned above. 

[0044] The complete device is designed to be clamped to a wide variety of commonly used sternal retractors. Clamp- 
ing mechanism 26 comprises mating portions of mount 24 and a movable jaw 28, each configured to provide half of a 
10 dovetail shaped groove. Movable jaw 28 is attached to mount 24 by a center pin 29 that passes through a groove 28 
in the movable jaw 28. Center pin 29 also passes through conical spring washer 30. Groove 35 allows movable jaw 
28 to slide back and forth, permitting mounting to retractor elements of varying width. Center pin 29 comprises a cross 
hole 31. A Cam pin 36, which is rigidly affixed to a knob 33, passes through cross hole 31, capturing together the 
movable jaw 28 and the mount 24. Cam pin 36 has an off-axis lobe 32 which induces upward movement on center pin 
*s 29 when knob 33 is advanced forward (in the FIG. 3, clockwise) to a horizontal position parallel to the cable 40. This 
upward motion compresses spring washer 30, which pulls the two halves of the clamp together. This induces, onto the 
retractor, both horizontal and vertical clamping forces in the dovetail features of the clamp halves, securing the clamp 
in place. Movable jaw 28 is additionally provided with dual compression springs 34 which bias the clamp to a fully 
forward position. This provides more convenient mounting of the clamp, and also ensures a more reliable connection 
20 between the mount and retractor element. 

[0045] FIG. 4 is a perspective view of the first of three preferred embodiments for tightening/spreading mechanism 
21 . FIG. 5 is an exploded perspective view of the tightening components of FIG. 4. The embodiment of FIGS. 4 and 5 
provides simultaneous parallel translation of suction pods 22, along the x-axis, by rotation of wheel 5. This spreading/ 
closing action can be performed when the articulating arm 20 is either loose or tight. Additionally, when articulating 
arm 20 is loose, suction pods 22 can be independently rotated about the yz plane. This allows the surgeon wide flexibility 
in the manner of approach to the anastomosis site. Because the spreading action is parallel, the cardiac tissue ten- 
sioning effect is uniform across the anastomosis site (below and between suction pods 22). 

[0046] Cable 40 terminates at tabbed element 4 by cable ball 50. Tensioning of cable 40 causes tabbed element 4 
to move proximally. Ears 51 of tab element 4 mate into slot 52 of sling 10. Thus, tensioning or pulling on the cable 

30 imparts tension or pulling back on sling 10. Sling 10 wraps around two pod guides 6, capturing guides 6 against head 
link 3. As cable 40 is tightened, sling 10 pulls pod guides 6 ever more firmly into head link 3 until they can no longer 
rotate. In the preferred embodiment, pod guides 6 are configured with square holes. These square holes are provided 
to mate with square projections on the pod guides and thus guide the movement of suction pods 22 in and oui. The 
square shape serves to prevent rotation of suction pods 22 in the yz plane once cable 40 has been tightened. Addi- 

3S tionally, to prevent minor oscillations of suction pods 22 in the yz plane due to small clearances between pod guides 
6 and suction pods 22, pod guides 6 each include small torsion springs 10 which bias suction pods 22 to one side of 
the respective pod guide 6. Suction pods 22 have a square element, which projects into the center of the spreader 
mechanism through pod guides 6. 

[0047] Wheel 5 is located between the two pod guides 6. Wheel 5 has a threaded rod projecting through its center 
40 along the x-axis. To one side of wheel 5, the threaded rod has a right hand thread, and to the other side, a left hand 
thread. These threads mate with respectively threaded holes in the projections of the two suction pods 22. Rotating 
wheel 5 causes the pods to move simultaneously apart or together in parallel. Vacuum connections to suction pods 
22 are made via barbed connections 325 at the proximal end of suction pods 22. Still further, this embodiment may be 
modified through the provision of two wheels, the rotation of one controls the movement of the first pod, while the 
rotation of the other controls the rotation of the second pod, In such a manner the pods may be configured to be 
independently moveable relative to each other. Even still further, only one of the two pods may be provided for move- 
ment so that the first pod remains fixed while the second pod is moved through rotation of the wheel. Moreover, any 
of the above embodiments may be provided wherein the pods are initially disposed in either a parallel or an angled 
orientation relative to each other, as shown below 
so [0048] FIG. 6 is a perspective view of the second of three preferred embodiments for tightening/spreading mechanism 
21 . FIG. 7 is an exploded perspective view of the tightening components of FIG. 6. The embodiment of FIGS. 6 and 7 
provides sequential tightening of the articulating arm concurrently or closely followed by angular separation of suction 
pods 22 in the xy plane, by tightening of handle 23. When articulating arm 20 is loose, suction pods 22 are free to 
rotate in the yz plane, and to a lesser extent in the xz and xy planes. This allows the surgeon even greater flexibility 
on approaching the anastomosis site. The tightening of cable 40 causes the spreading action. Because the spreading 
action is rotational, the tensioning effect will be uneven, being generally V-shaped, that is more pronounced at the 
distal end of the anastomosis site. 

[0049] Cable 40 terminates in tabbed element 1 3. Tensioning of the cable causes the tabbed element to move prox- 
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imally, pulling back on sling 14. The sling wraps around the split ball 225 of pods, capturing the split ball. In its relaxed 
state, when the stainless cable is loose, relatively little friction exist between split ball 225, inner cavity of sling 14 and 
outer spherical surface of head link 12 so that split ball 225 is relatively able to be moved or rotated therein. In the 
preferred embodiment, the outside diameter of split ball is equal to the diameter of the spherical cavity defined within 
s sling and head link, preferably these diameters are all approximately 4.825mm (0. 1 93 inches). As the cable is tightened, 
however, the sling cinches down over the split ball compressing the split ball into the sling and head link 12. As the 
split ball 225 is compressed, the split 226 closes, causing suction pods 22 to splay angularly outward. In the preferred 
embodiment split ball 225 is made from non-glassed filled Ultern™ (available from GE Plastics, Pittsfield, Massachu- 
setts.) 

10 [0050] In a preferred embodiment, a compressible (preferably eiastomeric) disk 15, is mounted between sling 14 
and head link 12. The preferred material for disk 15 is silicone with a durometer of 80, although other materials or 
durometers or both may also be selected. Disk 15 preferably sits or mates into a compression limiter 41 , depicted here 
as a stainless steel cup 41, which functions to limit the total amount to which the disk may be compressed. That is, 
disk 1 5 is sized to fit within cup so as to be able to be compressed an amount no greater than the depth of the cup. In 

75 the preferred embodiment, allowed to be compressed approximately no more than 1mm (0.040 inches). Of course, 
other sizes and material may also be selected. The identity, size, and other materials properties of the eiastomeric disk 
15 and cup (if used, for example, cup could be integrated into head link or cable tab) are chosen such that disk 15 is 
crushed between head link 12 and sling 14 before the split ball is compressed. This causes articulating arm 20 to 
become firm before the spreading or other moving of the suction pods 22 begins, adding a desired degree of control 

20 to the system. Vacuum connections to suction pods 22 are made via barbed connections 325 at the proximal end of 
suction pods 22. 

[0051] FIG. 8 is a perspective view of the third of three preferred embodiments for tightening/spreading mechanism 
21 . FIG. 9 is an exploded perspective view of the tightening components of FIG. 8. The embodiment of FIGS. 8 and 9 
provides independent rotational spreading of the suction pods (not shown in these two FIGS.) in any plane about a 
25 point of rotation at the center of the mechanism. When articulating arm 20 is loose, the suction pods 22 will move freely. 
Because the suction pods 22 are not linked together in this embodiment, they are able to conform to surfaces of the 
heart where the suction pods would not be co-planar. This provides more secure mounting of the suction pods on areas 
of the heart with small radii of surface curvature. 

[0052] Cable 40 terminates at tabbed element 1 7. Tensioning of the cable causes tabbed element 1 7 to move prox- 
30 imally, pulling back on sling 18 through the interaction of ears 51 and groove 52. Pod mounts 19 each contain hemi- 
spherical sockets that fit smoothly about ball 50 and are captured between sling 18 and head link 16. Tensioning of 
cable 40 causes tabbed element 1 7 to move proximally, pulling back on sling 18, pinching ball 50 and the pod elements 
firmly together. In use, the surgeon would partially tighten the cable, and then pinch together the pod finger tabs 27 to 
achieve the desired amount of spreading. In a preferred embodiment, a compressible disk is used as described pre- 
ss viously. Vacuum connections to the suction pods are made via barbed connections 25. 

[0053] FIG. 10 depicts the relationship between rigidity of the articulating arm and the spreading apart of the suction 
pods 22 shown above in FIG. 1-1. As seen the present invention is designed so to provide a particular relationship 
between the rigidity of articulating arm and the spreading of suction pods. In the embodiment shown in FIGS 6 & 7 the 
initial relationship between rigidity and spread is linear until a spreading point, seen here as Q, is reached. Thereafter 
40 a non-linear relationship is seen. In this embodiment there is thus a simultaneous change in the rigidity of the arm and 
the spreading of the pods. 

[0054] FIGS. 11 & 12 depict the relationship of rigidity and spreadablity in a further embodiment of the present in- 
vention. As seen in this embodiment the articulating arm undergoes a transformation of rigidity from loose flexibility to 
firm flexibility at time B-, . Thereafter, at time B 2 articulating arm undergoes a transformation of rigidity from firm to hard. 

45 Continuing tightening of the handle (which controls rigidity and spread in the embodiment shown in FIGS.1-7) does 
not cause the arm to become appreciatively more rigid. In contrast, the spreadability of the suction pods is depicted 
in FIG. 1 2 and is seen, in particular, to occur at a lag from the transformation of rigidity. In particular, as seen at B 1 the 
rigidity is increased from loose to firm while the spread of the suction pods does not occur until time C, that is, turning 
of handle 23 to reduce the flexibility of the part of the articulating arm from loose to firm does not cause an appreciable 

50 spread until a time thereafter, here seen as C v The particular relation between rigidity and spread may be selected to 
occur in any favorable matter. Practically speaking, the relationship between rigidity and spread may be a matter of 
choice which is best left to the surgeon. Thus, the present invention permits this relationship to be tailored as desired 
though the selection of among the following factors: in the present invention shown in FIG. 1-1 and thereafter shown 
in particular regard in FIGS. 6 & 7, the relationship of rigidity and spread may be controlled through the particular design 

55 and selection of the arm links and texture, split ball and hinge, split ball and split or gap, washer and cup as well as 
any of their materials. 

[0055] This is seen in FIGS. 13 through 21, which show the split ball 225 of the preferred embodiment (FIG. 13 
through 16) and alternative designs. As seen FIG. 13 is a detailed perspective of split ball 225 shown assembled in a 



7 



EP 0 993 806 A2 



stabilization system. FIG. 14 is a plan view of the split ball 225 shown in FIG. 13 from an overhead position. This view 
shows the split or gap 226 within split ball and the hinge 227. The size of hinge 227 and split or gap 226 define the 
actuation of the pods mounted to the split bail and further the degree of force required. These elements, along with 
other elements of the present invention, may be tailored to provide the particular actuation and performance charac- 

s teristics deemed suitable for a surgeon or surgeons. FIG. 15 is a cross sectional view of split ball 225 shown in FIG. 
13 along line 15-15. In the preferred embodiment gap 226 has a minimum thickness T^ of between 0.25 and 2.5mm 
(0.010-0.100 inches), with 1mm (0.040 inches) preferred, while hinge 227 has a thickness T^zr of between 5.5 and 
0.25mm (0.220-0.010 inches), with 2.75mm (0.110 inches) preferred. FIG. 16 is a two-dimensional plot of the gap along 
the outer surface of the split ball. As seen, in this embodiment, the gap is symmetrical along the outer surface. 

10 [0056] Many other alternative embodiments of the split ball may be provided. FIG. 17 shows one embodiment in 
which the hinge is positioned above the center line of the split ball. FIG. 18 shows one embodiment in which the hinge 
is positioned below the center line of the split ball. FIG. 19 shows one embodiment in which the hinge is positioned at 
the backside of the split ball, as compared to the embodiment seen in FIG. 15. In this embodiment the tension on the 
cable would cause the front of the split ball to be compressed, thereby splaying inwardly the suction pods. Such pod 

*s movement may be useful for squeezing tissue between the pods. Besides positioning the gap and thus the hinge at 
various portions within the split ball, the gap may further be fashioned so as to be larger at a top end and smaller or 
narrower at a bottom end. FIG. 20 shows an embodiment in which gap 227 is wider at the upper end (above the 0 
degree line) and narrower at the lower end (below the 0 degree line). FIG. 21 is a two-dimensional plot of the gap along 
the outer surface of the split ball. As seen, in this embodiment, the gap is non- symmetrical along the outer surface, 

20 larger at its upper end and narrower in its bottom end. 

[0057] FIG. 22 depicts an alternative embodiment of the present invention. In this embodiment suction pods are 
separated, and riot joined such that each suction pod is free to be moved within the Y Z plane, similar to that already 
shown in FIG. 4. Movement is provided through the segmented spreadable hinge 199, which is provided through the 
interrelationship of sling 15 and the corresponding left suction pod 22L and right suction pod 22R. Spreadable hinge 

25 199 is provided through an inter-mating ball and socket assembly, provided on respective floating pods 22R and 22L 
in particular a hemispherical ball 198 is provided on right suction pod 22R and a corresponding inter-mating hemi- 
spherical socket 1 97. As seen socket and ball are dimensioned such that they may be mated together and the smaller 
diameter portion of ball inserted into the hemispherical opening of hemispherical socket 197. Thereafter the mated 
together pieces generally form a segmented hemisphere which may be disposed within the sling 15 as already de- 

30 scribed above in regard to FIGS. 6 & 7. This embodiment has advantages over that shown above in FIGS. 6 & 7 
because the individual paddles 22L & 22R may be oriented along the various axes to provide secure capture of the 
surface of the heart. 

[0058] In a further embodiment of the present invention the segmented spreadable hinge 1 99 as weii as spreadable 
hinge shown above in regard to FIGS. 6 & 7 may be provided such that the suction pods move in a non-parallel fashion. 

35 One embodiment of this non-parallel movement is shown in FIG. 23. 

[0059] As seen in a first, non-spread orientation, paddles 22L & 22R are disposed a first distance A apart. Once the 
spreading has been ignited through any of the various methods described above, paddles 22L & 22R reach the dis- 
position of FIG. 24. As seen in this disposition the closest point the paddles have to one another is at their base or 
proximal positions and is at a distance A + X. The distal ends of the paddles are shown at a distance A + Y apart such 

40 that an angle exists between the longitude and the axis of each paddle. Embodiments which may be utilized to achieve 
such movement are those shown above. Likewise, FIG. 25 shows an additional embodiment in which the paddles start 
at a disposition where the distal ends are a distance B apart, and disposed at an angle alpha relative to one another. 
After movement paddles reach the disposition shown in FIG. 26, and are generally parallel to one another and are now 
at a distance B+Z apart. Embodiments which may be utilized to achieve such movement are those shown above. 

45 Likewise, FIG. 27 shows an additional embodiment in which the paddles start at a disposition where the paddles are 
a distance C apart. After movement paddles reach the disposition shown in either FIG. 28 or 29, and are generally 
angled at an angle beta relative to one another, having a distance at the distal end of either C+X or C+Xg and a proximal 
distance of either C or C+X 1 Embodiments which may be utilized to achieve such movement are those shown above. 
[0060] FIG. 30 depicts a further alternative embodiment of the present invention. In this embodiment suction pods 

50 22L & 22R may be spread and rotated such that they move from an orientation shown in FIG. 30, and have a distance 
A apart, to the orientation shown in FIG. 31 . As seen in FIG. 31 , at this point paddles 221 & 22R are a minimal distance 
A + X1 apart at their proximal end and a greater distance A+X2 apart at their distal end. Furthermore, the pods have 
had a relative rotation such that the bottom surface of the pods now define an angle sigma. 

[0061] FIG. 32 depicts a further alternative embodiment of the present invention. In particular, FIG. 32 is a sectional 
55 view across pod 22L shown in FIG.22 along line O-O. As seen, in this embodiment, pod 22L features a suction port 
33 open along the bottom surface of the suction pod. Suction port 33 further communicates with a suction aperture 
31. In this embodiment the total height H of the pod is minimized because the suction aperture is located alongside 
the suction port such that the aperture exists at the point at the suction port no greater than the alternative height of 
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the suction port opening, that is the bottom of the suction port, depicted here as 33-b is relatively above, in this figure, 
suction aperture 34. H is between approximately 1 and 4 millimeters, with 2-3 preferred. 

[0062] FIGS. 33-37 depict alternative embodiments of the suction pods. These alternative embodiments may be 
used together or in any combination of any of the above and below shown suction pods. Exact usage of these types 

s of suction pods would be at the preference of the surgeon. In FIG. 33 an embodiment is show in which each of the 
suction ports 33-1 through 33-5 have the same diameter. In this embodiment, however, the suction apertures 34-1 
through 34-4 have different opening sizes into the relative suction ports. In particular, in this embodiment suction ap- 
erture 34-2 and 34-3 are relatively much larger than the corresponding suction apertures 34-1 and 34-5. The relatively 
larger suction apertures are provided in that they provide a more quick capture and fixation of the relevant suction port 

10 to the tissue. In contrast, suction ports having relatively smaller suction apertures require more time to effectively 
capture the tissue. While this FIG. shows P as having relatively larger suction apertures in the two central ports, the 
opposite may also be provided such that the relatively larger suction apertures are at the end suction ports. The benefit 
of this configuration is that ports 33-1 and 33-4 are least likely to spontaneously lose capture, while the inner ports 
33-2 and 33-3 will quickly achieve capture. 

15 [0063] FIG. 34 shows an additional embodiment of the present invention. In this embodiment the suction pod is non- 
rectangular, and in particular, shown as having a relatively, tapered, elongated orientation. Furthermore, such ports 
are provided which have variable diameters. In particular, in this embodiment, suction port 33-1 has relatively larger 
diameter, and the diameter of the subsequent suction ports 33-2 at Et seq. become relatively smaller until suction port 
33-5 as shown as having the smallest suction port diameter. In this embodiment the corresponding suction apertures 

20 34-1 through 34-5 are provided having a consistent diameter and surface area opening into the suction ports. Of course, 
as described above these may be varied in size. 

[0064] FIG. 35 shows a suction pod having ever decreasing sized suction ports and furthermore having ever de- 
creasing sized apertures and ports. 

[0065] While the suction port has been shown above as generally circular it may also be provided in other, non- 
25 circular forms. In FIG. 36 it is shown that the suction port may be provided both as elliptical as well as trapezoidal 
configurations. In each of the embodiments suction port is provided with a single suction aperture. Of course, the 
suction aperture may be provided more than once into the same suction port. 

[0066] FIG. 37 shows a suction pod having variable diameter suction ports while consistent suction apertures. In 
this embodiment the central suction ports are much larger than the end point suction ports. 
30 [0067] FIGS. 38-40 depict an alternative embodiment of the present invention. As seen, suction pod 22 has a series 
of suction ports 33 as already described above. In this embodiment suction pod is made, however, from a malleable 
material such that the pod itself can be shaped by the surgeon prior to disposition of the pod onto the surface of the 
heart. It is believed that this malleability or conform ability provides the surgeon wiih increased fiexibiiiiy so as to shape 
the pod to be conformed into or around the surface of the particular area of the heart upon which he will operate. As 
35 seen, the malleable pod may further include a spring or other form of stiffening element or lockable member 1 90 which 
is still malleable to some degree. In the present invention this lockable member 190 would comprise a wound coiled 
spring, although other materials and devices may be used, including, but not limited to, straps, band, bands, interwoven 
metallic members, heat set plastics, to name some of other alternative materials and devices which may be used. In 
a first embodiment the malleable pod is constructed of PVC (poly vinyl chloride) 73 Shore A durometer and the lockable 
40 member is constructed from a hypotube made of MP35N metal alloy. In the preferred embodiment the hypotube used 
to carry suction to the suction ports and thus functions as a suction aperture. Alternately, the malleable pod formation 
permits the pod itself to be moved from its first orientation, as seen in FIG. 40 at 189 to the deformed position 188 
shown at FIG. Alternatively, the pod may be manufactured from many other types of materials, including silicone rubber, 
polyurethane, to name only a few, while lockable member may be constructed form coiled conductors, polymeric strips, 
45 or strips or ribbons or springs made from nitinol. 

[0068] The present invention may be especially suitable for performing a surgical operation on a patient utilizing the 
simultaneous spreading of the device* paddles and the stiffening of the fixation arm. That is, this embodiment may 
permit use of the following method of performing a surgical procedure. First, the desired area of tissue is accessed, e. 
g. the heart and the coronary artery of interest is accessed. Next, a stabilization system is placed upon the surface of 
so the tissue, e.g. a stabilization system as shown in FIGS. 1-3, 6-9 is placed upon the surface of the tissue, and in 
particular suction pods 22 are placed upon the surface of the tissue. Next, suction is introduced into each pod such 
that the surface of the tissue is captured by the first pod and the second pod. Next, the first pod and the second pod 
are caused to be spread relatively apart while the articulating arm 20 is concurrently caused to become stiff. In the 
illustrated embodiment of FIGS. 1 -3 this may be accomplished by turning distal handle 23. As already described above, 
turning of distal handle causes tension to be applied to the cable, causing in turn first paddle and second paddle to 
thereafter be spread relatively apart or otherwise moved (e.g. moved together, where the exact motion depends on 
the hinge design and the orientation of the pods or paddles) and also causing each of the links of the arm to be 
compressed together. The method may also be performed where the step of causing the articulating arm to become 
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stiffer may be performed at either a time prior to or after the step of spreading relatively apart the first pod and the 
second pod. Thereafter a surgical procedure may be performed. Finally, the process is reversed and the patient is 
closed, as is well known in the art. 

[0069] The particular embodiment shown in FIGS. 4 and 5 may be especially suitable for performing a surgical 

5 operation on a patient utilizing only the spreading aspect of the device 1 paddles and not the stabilization through the 
stiffening of the fixation arm. That is, this embodiment may permit use of the following method of performing a surgical 
procedure. First, the desired area of tissue is accessed, e.g. the heart and the coronary artery of interest is accessed. 
Next, a stabilization system is placed upon the surface of the tissue, e.g. a stabilization system as shown in FIGS. 4 
and 5 is placed upon the surface of the tissue, and in particular suction pods 22 are placed upon the surface of the 

io tissue. Next, suction is introduced into each pod such that the surface of the tissue is captured by the first pod and the 
second pod. Next, the first pod and the second pod are caused to be spread relatively apart. In the illustrated embod- 
iment this may be accomplished by turning wheel 5 to cause first paddle and second paddle to thereafter be spread 
relatively apart. Thereafter a surgical procedure may be performed. Finally, the process is reversed and the patient is 
closed, as is well known in the art. Thus this method does not require the use of a stiffened arm to provide for the 

*s further stabilization. Only the spreading of the paddles is used. 

[0070] In a further embodiment, the system may be further configured to feature paddles which do not feature suction 
ports for engaging with and capturing tissue, Rather, in this embodiment, shown in FIG. 41 frictional engagement only 
by the bottom surface of the paddles is used along with the spreading action to stabilize the tissue. Ail other aspects 
of this embodiment may be the same as shown already above. In a further alternative of this design, the tissue-con- 

20 tacting bottom surfaces of the paddles may be treated with materials or textures or both to enhance the friction or 
gripability between the tissue and the paddle. Such materials or textures may include a series of linear or curvilinear 
ridges or both, each between 0.5 to 4.0 mm in height, for example. These embodiments may thus be used to perform 
a method of performing a surgical procedure upon a patient along the following steps of. First , a desired area of tissue 
on a patient is accessed. Next, a stabilization system having an articulating arm, the articulating arm having a first pod 

25 and a second pod is provided. Preferably one or more of the pods has a bottom surface shaped to conform to the 
surface of the heart, and further the tissue-contacting bottom surfaces of the paddles are treated with materials or 
textures or both to enhance the friction. Next the stabilization system is placed upon the surface of the tissue. Next the 
first pod and the second pod are spread relatively apart. Next the desired surgical procedure is performed. Thereafter 
the system is removed and the patient is closed. 

30 [0071] In a still further embodiment, shown here in FIG. 42, the bottom surface may feature a series of burrs or 
upraised barbs 656. These structures act as cleats which puncture or are introduced a small amount, between 0.25 
to 1.5 millimeter beyond the surface of the tissue and into the tissue itself, more or less, and serve to enhance the 
friction or gripability between the tissue and the paddle, Moreover, still further, these structures may be made hoilow 
and may be coupled to a dispensing reservoir containing drugs, agents or other desired medicinal substance (such as 

35 anti-clotting agents, clotting agents, steroids, anti-biotics, growth factors, genetically acting agents or anti arrhythmic 
agents, to name only a few) so as to also be used to inject directly such substances into the tissue in the vicinity 
adjacent the surgical procedure, e.g. into the epicardium in the vicinity adjacent the anastomosis. Other than these 
features, all other aspects of this embodiment may be the same as shown already above. 

[0072] FIG. 43 is a perspective view of an alternative embodiment for tightening/spreading mechanism 21 . In this 
40 embodiment a series of spreadable wedges having a series of inclines which cooperate with a cable stop to provide 
a system wherein movement of the pods or paddles may be caused to occur concurrent with or following arm tightening. 
As seen cable stop 300 is positioned at the distal end of arm. Cable stop holds the distal end of cable, not seen in this 
FIG. Cable stop is generally a cube like structure, having a relatively sharp corner or edge which is disposed to ride 
along first inclined surface 303 or second inclined surface 305 of spreadable saddle 307. As seen first inclined surface 
303 is disposed at a first angle on spreadable saddle while second inclined surface 305 is disposed at a second angle 
on spreadable saddle such that the first angle is relatively more flat or oblique in regards to the bottom surface of cable 
stop 300 when compared to the second angle. Through these inclines and their angular relation to the bottom surface 
and side edges of cable stop, the co-efficient of friction between the cable stop and the first inclined surface 303 and 
second inclined surface 305 will be different. In such a manner, a first tension to the cable will generally first cause the 
50 arm and its links to be pulled together, thereafter, once tension exceeds the required coefficient of friction and cable 
stop is moved to engage the second inclined surface will the spreadable saddle be caused to fully begin to spread. As 
can be seen, a hemispherical mounting 309 is disposed between saddle 307 and U-link 311 such that spreading the 
saddle pinches the mounting and therefore causes movement of the attached pods or paddles (only one of which is 
depicted here in outline as 22.) 

[0073] FIG. 44 is a perspective view of an alternative embodiment for tightening/spreading mechanism 21 . In this 
embodiment spread or other movement of the pods or paddles may be accomplished through hydraulic actuation. 
While shown here as hydraulic actuation, it should also be understood, as used herein, hydraulic also encompasses 
pneumatic actuation as well. As seen mechanism 21 features a spherical center hinge 400, which is used to couple 
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the shown assembly to an articulated arm, as already described above. That is spherical center hinge 400 may be 
used in place of split ball. Left pod assembly 402 features a conventional connection 25 to permit suction to be attached 
and communicated to a series of ports, as already described above. This embodiment further features a hydraulic 
actuator composed of the shaft 404 and seals 406, where the shaft is dimensioned to be slideably moved within runway 
s 408 of left pod assembly. Stop 410 prevents excessive movement of shaft. While shaft itself is depicted as straight, it 
should be understood it could also be curved so that the right pod or paddle may be made to move in an arc. Runway 
408 is coupled by a coupling 411 to hydraulic line 412, which in turn, is coupled to control valve 414 and hydraulic/ 
pneumatic source 416. 

[0074] FIG. 45 is a still further embodiment of the present invention. In this embodiment all other features are the 
10 same as those described above in regards to FIG. 1 but for that the arm 420 is rigid, as opposed to the flexible arm 
shown above in FIG. 1 . Rigid arm 420 may be used where the area in which the procedure is performed is extremely 
cramped. Arm 420, because it does not flex, may have a much decreased diameter as compared to arm 20 (recall that 
the FIGS. Are not necessarily to scale.) 

[007S] The various embodiments of the present invention provide the following advantages over conventional suction 
is stabilization systems. First, it reduces the force required to tighten and loosen the articulating arm(s). Second, it im- 
proves access to the surgical site in general due to its reduced size, and to the anastomosis site in particular due to 
the flexibility of the system components and geometry of the system components. Third, it permits relatively delicate 
manipulations to smoothly spread the suction pods without causing the suction pods to become detached form the 
arm. Fourth, use of a single arm to support multiple suction pods eliminates interference between opposing arms, such 
20 as occurred in the conventional systems when the surgeon tried to position the tissue stabilizers. Fifth, the time to set 
up the equipment is significantly reduced. Sixth, the design reduces inconsistent performance due to improper main- 
tenance, wear, or unreliable mounting surfaces. 

[0076] It should be understood, however, that the various features of the invention may be used together, alone or 
in various combinations. For example, the tissue engagement feature (whether provided through the suction ports, 

25 tissue ridges or cleats, for example) may be used alone or in combination with the pod or paddle movement (such as 
spreading) feature, as well as with the flexible arm feature, or the lockable flexible arm feature. Other features include, 
but are not limited to, the injection feature, concurrent pod or paddle movement, arm locking or rigidity feature as well 
as the various features for the paddle or pod movement, any of which may also be provided in combination with any 
of the other features, where deemed desired. In short, the invention may be used in a myriad of combinations, some 

30 of which have been discussed above. 

[0077] As disclosed, the present invention relates to an apparatus for immobilizing tissue. In the preferred embodi- 
ment, the invention is used to immobilize heart tissue for a coronary artery bypass graft procedure using either an open 
or ciosed chest approach, wiihoui the need for a cardiopulmonary bypass. Other surgicai techniques, however, which 
require immobilizing body tissue may also be performed using the present invention, such as surgery on other organs 

35 such as the stomach, gall bladder, etc., as well as on other body tissues, such as the eye or the skin, for example. 



Claims 



40 1 . A system for stabilizing or temporarily immobilizing tissue comprising 

a paddle assembly, the paddle assembly having a first paddle and a second paddle, the paddle assembly 
further having means for spreading the first paddle away from the second paddle; 

an arm having a distal end and a proximal end, the distal end coupled to the paddle assembly, the arm having 
45 means for permitting the arm to flex, the arm having means for fixing the arm to an object. 

2. The system according to claim 1 further comprising arm locking means-coupled to the arm, the arm locking means 
permitting the locking of the arm in any selected position wherein the distal end of the arm is maintained in the 
selected position. 



50 



55 



3. The system according to claim 1 or 2 wherein the first paddle has means for engaging heart tissue. 

4. The system according to claim 3 wherein the means for engaging heart tissue further comprises at least a first 
suction port positioned along a first surface of the first paddle. 

5. The system according to claim 4 wherein the means for engaging heart tissue further comprises at least a second 
suction port positioned along a second surface of the second paddle. 
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6. The system according to claim 5 wherein the first surface and the second surface are generally within the same 
plane. 

7. The system according to any preceding claim wherein the first paddle is adapted to have a first surface which 
5 conforms to the surface of the heart. 

8. The system according to claim 1 , 2 or 3 wherein the first paddle has at least one first suction port and the second 
paddle has at least one second suction port. 

10 9. The system according to any preceding claim further comprising a suction source. 

10. The system according to claim 9 wherein the first paddle has at least one first suction port and means for coupling 
the at least one first suction port to the suction source. 

*s 11. The system according to claim 1 0 wherein the means for coupling are positioned along a proximal end of the first 
paddle. 

12. The system according to any preceding claim wherein the means for spreading the first paddle away from the 
second paddle further comprise means for spreading the first paddle away from the second paddle in a parallel 

20 relation. 

13. The system according to any of claims I to 11 wherein the means for spreading the first paddle away from the 
second paddle further comprises means for spreading the first paddle away from the second paddle in a non- 
parallel relation. 

25 

14. The system according to any preceding claim wherein the means for spreading the first paddle and the second 
paddle apart further comprises a spreadable hinge. 

15. The system according to claim 14 when dependent on claim 2, wherein the spreadable hinge is coupled to the 
30 arm locking means. 

1 6. The system according to claim 1 5 wherein the spreadable hinge is coupled to the arm locking means by a cable wire . 

17. The system according to claim 16 wherein the cable is stranded. 
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18. The system according to claim 3 or any claim dependent thereon wherein the means for engaging heart tissue 
further comprises a series of ridges along the first paddle lower surface. 

19. The system according to any preceding claim wherein the first paddle is constructed of a malleable material. 

20. The system according to any preceding claim wherein the first paddle comprises a stiffening element therein. 

21 . The system according to claim 1 0 or any claim dependent thereon wherein the means for coupling further comprises 
a first nozzle adapted to be inserted into a polymeric tube. 



22. The system according to any of claims 1 to 11 wherein the means for spreading comprises: a cable stop coupled 
to distal end of arm, the arm having a cable running therethrough, a distal end of cable coupled to cable stop, a 
spreadable saddle coupled to distal end of arm, the spreadable saddle having a first inclined surface, wherein the 
cable stop Will slide upon the first inclined surface as the cable receives a first amount of tension and the spreadable 

50 saddle is spread a first amount. 

23. The system according to claim 22 wherein the spreadable saddle further comprises a second inclined surface, 
wherein the cable stop will slide upon the second inclined surface as the cable receives a second amount of tension 
and the spreadable saddle is spread a second amount. 



24. The system according to claim 22 or 23 further comprising a link disposed upon the distal end of the arm such that 
the link is mounted between the arm and the saddle, and a paddle mounting disposed between the link and the 
saddle. 
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25. The system according to any of claims 22 to 24 wherein the cable stop further comprises a generally cube like 
structure. 

26. The system according to any of claims 1 to 11 wherein the means for spreading the first paddle and second paddle 
s apart further comprises a hydraulic cylinder disposed upon the distal end of the arm, the first pod mounted to a 

first end of a first shaft couple to the hydraulic cylinder and the second pod mounted to a second shaft coupled to 
the second end of the cylinder. 

27. The system according to claim 26 further comprising a hvdraulic reservoir and valve, the reservoir and valve pro- 
io viding hydraulic actuation of the hydraulic cylinder wherein the first paddle may be made to move relative to the 

second paddle through movement of hydraulic fluid from the hydraulic reservoir to the hydraulic cylinder. 

28. The system according to claim 27 wherein the second shaft is curved wherien movement of the second paddle 
relative to the first paddle occurs in an arc. 

15 

29. The system according to any of claims I to 1 3 wherein the means for spreading further comprise means for inde- 
pendently spreading the first paddle and second paddle apart. 

30. The system according to claim 20 when dependent on claim 12 wherien the means for independently spreading 
20 the first paddle and second paddle apart in a parallel relation are positioned upon the distal end of the arm. 

31 . The system according to claim 29 or 30 wherein the means for independently spreading the first paddle and second 
paddle apart further comprising a spreader (wheel), the spreader having a first screw, the first screw engaging 
with a first threaded hole in the first pod wherein movement of the spreader causes the first paddle to be moved 

25 in an axial direction along the first screw. 

32. The system according to claim 31 further comprising the spreader having a second screw, the second screw 
engaging with a second threaded hole in the second pod wherein movement of the spreader causes the second 
paddle to be moved in an axial direction along the second screw. 

30 

33. The system according to claim 31 or 32 further comprising the spreader having a second screw, the second screw 
engaging with a second threaded hole in the second pod wherein movement of the spreader causes the second 
paddle to be moved in direction parallel to the first paddle. 

35 34. The system according to claim 29 further comprising a first means for biasing the first paddle away from the spread- 
er, the means for biasing disposed adjacent the first paddle. 

35. The system according to claim 34 wherein the first means for biasing the first paddle away from the spreader 
further comprises a torsion spring disposed about the first screw so as to bias the first paddle away from the 

40 spreader. 

36. The system according to claim 34 or 35 further comprising a second means for biasing the first paddle away from 
the spreader. 

45 37. The system according to claim 36 wherein the second means for biasing the first paddle away from the spreader 
is disposed adjacent the second paddle. 



so 



55 



38. The system according to claim 36 further comprising a torsion spring disposed about the second screw so as to 
bias the first paddle away from the spreader. 

39. The system according to claim 1 4 or any claim dependent thereon wherien the spreadable hinge further comprises 
a split ball, a first end of the split ball coupled to the first paddle, a second end of the split ball coupled to the split ball. 

40. The system according to claim 39 wherein the split ball is adapted to be mated into a retention sling, the retention 
sling moveable from a first, non-tensioned position to a second, tensioned position, wherein the split ball is dimen- 
sion to be pressured by the sling in the second position, the split ball having a split, the split ball and split further 
sized to be compressed due to the force exerted upon it by the sling. 
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41. The system according to claim 40 further comprising a head link positioned at the distal end of the arm wherein 
the split ball is adapted to be mated into the retention sling and against the head link. 

42. The system according to any of claims 39 to 41 wherein the split ball has a split, the split symmetrical about a first 
5 plane. 

43. The system according to claim 42 wherein the split ball has a split, the split symmetrical about a second plane. 

44. The system according to claim 43 wherein the split ball has a split, the split symmetrical about a first plane which 
io is non-parallel to a major plane of the paddle assembly. 

45. The system according to claim 1 further comprising means for simultaneously rotating the first paddle along its 
first major axis in a first direction. 

is 46. The system according to claim 45 further comprising means for simultaneously rotating the second paddle along 
its second major axis in a second direction. 

47. The system according to claim 1 4 or any claim dependent thereon wherein the means for spreading the first paddle 
and second paddle apart further comprising a segmented spreadable hinge. 

20 

48. The system according to claim 47 wherein the segmented spreadable hinge further comprises a intermating ball 
and socket assembly. 

49. The system according to claim 48 wherein the intermating ball and socket assembly further comprises a first ball 
25 having a first end and a hemisphere having a second end, the first end of the first ball coupled to the first paddle, 

the second end of the hemisphere coupled to the second paddle. 

50. The system according to claim 49 wherein the hemisphere has a hollow, the first end of the first ball is sized to be 
mated into the hollow. 

30 

51 . The system according to claim 50 wherein the first ball mated into the hemisphere are further adapted to be mated 
into a retention sling, the retention sling moveable from a first, non-tensioned position to a second, tensioned 
position, wherein the first ball and the hemisphere are dimension to be pressured by the sling in the second position 
wherein the first ball rotates relative to the hemisphere. 

35 

52. The system according to claim 51 further comprising ahead link positioned at the distal end of the arm wherein 
the first ball and the hemisphere are adapted to be positioned into the retention sling and against the head link. 

53. The system according to claim 1 wherein the arm locking means further comprising means for simultaneously 
activating the means for spreading the first paddle and second paddle apart. 

54. The system according to claim 53 further comprising means for simultaneously rotating the first paddle along its 
first major axis in a first direction. 

45 55. The system according to claim 54 further comprising means for simultaneously rotating the second paddle along 
its second major axis in a second direction. 

56. The system according to claim 55 wherein the first direction is opposite the second direction. 

50 57. The system according to any preceding claim wherein the first paddle and second paddle are located in a first 
position and may be spread apart to a second position, wherein in the first position the first paddle and second 
paddle are configured in a parallel relation. 

58. The system according to claim 57 wherein the first paddle and second paddle are located in a first position and 
55 may be spread apart to a second position, wherein in the second position the first paddle and second paddle are 

configured in a parallel relation. 

59. The system according to any of claims 1 to 56 wherein the first paddle and second paddle are located in a first 
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position and may be spread apart to a second position. 

60. The system according to claim 59 wherein in the first position the first paddle and second paddle are configured 
in a non parallel relation. 

5 

61. The system according to claim 60 wherein the first paddle and second paddle are located in a first position and 
may be spread apart to a second position. 

62. The system according to claim 60 wherein in the second position the first paddle and second paddle are configured 
10 in a non parallel relation. 

63. The system according to claim 1 wherein the first paddle has a first surface, a first suction port positioned within 
the first surface, a second suction port positioned within the first surface, a third suction port positioned within the 
first surface. 

75 

64. The system according to claim 63 wherein the first suction port, the second suction port, and the third suction port 
are all in a linear relation. 

65. The system according to claim 64 further comprising a suction source, the first suction port coupled to the suction 
20 source through a first suction aperture, the first suction aperture having a first suction aperture surface area. 

66. The system according to claim 65 further comprising a suction source, the second suction port coupled to the 
suction source through a second suction aperture, the second suction aperture having a second suction aperture 
surface area. 

25 

67. The system according to claim 66 further comprising a suction source, the third suction port coupled to the suction 
source through a third suction aperture, the third suction aperture having a third suction aperture surface area. 

68. The system according to claim 66 wherein the first suction aperture surface area is different from the second 
30 suction aperture surface area. 

69. The system according to claim 68 wherein the third suction aperture surface area is different from the second 
suction aperture surface area. 

35 70. The system according to claim 64 wherein the first suction port has a non- circular shape within the first plane. 

71. The system according to claim 64 wherein the non-circular shape within the first plane is an ellipse. 

72. The system according to claim 64 wherein the non-circular shape within the first plane is a trapezoid. 

73. The system according to claim 64 wherein the non-circular shape within the first plane is a square. 

74. The system according to claim 64 wherein the first suction port is larger than the second suction port. 

4$ 75. The system according to claim 74 wherein the first suction port is disposed closer to the proximal end of the first 
paddle than the second suction port. 

76. The system according to claim 75 wherein the second suction port is larger than the third suction port. 

77. The system according to claim 75 wherein the second suction port is smaller than the third suction port. 

78. The system according to any preceding claim wherein the first paddle has a rectangular cross section along a first 
plane. 

79. The system according to any of claims 1 to 77 wherein the first paddle has a triangular cross section along a first 
plane. 

80. The system according to claim 1 further comprising the first paddle has a first surface, a first suction port positioned 
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within the first surface, a suction source, the first suction port coupled to the suction source through a first suction 
aperture, the first suction port having a bottom opening within the first surface and an upper surface within the first 
paddle, the suction aperture positioned within the first paddle between the first surface of the first paddle and the 
upper surface of the first suction port. 

5 

81 . The system according to claim 2 or any claim dependent thereon wherein the arm locking means further comprises 
means for simultaneously activating the means for spreading the first paddle and second paddle apart. 

82. The system according to any preceding claim wherein the arm has a series of articulations wherein the arm may 
10 be bent along a curved arc among a plurality of direction. 

83. The system according to claim 82 wherein the series of articulations are provided through a series of interlocking 
links. 

is 84. The system according to claim 83 wherein at least one first link in the series of interlocking links has a first hemi- 
spherical surface having a first hemispherical diameter and at least one second link in the series of interlocking 
links has a second hemispherical indentation having a second hemispherical diameter. 



20 



85. The system according to claim 84 wherein the first diameter is equal to the second diameter. 

86. The system according to claim 85 wherein the at least one first link has a first center lumen therethrough and the 
at least one second link has a second center lumen therethrough, the first link and the second link coupled through 
a first tensioning element disposed within the respective center lumens. 

25 87. The system according to any of claims 1 to 13 wherein the means for spreading the first paddle away from the 
second paddle further comprises a tensioning element running from a proximal end of the arm to the distal end of 
the arm. 

88. The system according to claim 87 wherein the tensioning element running from a proximal end of the arm to the 
30 distal end of the arm is a stranded cable. 

89. The system according to any preceding claim wherein the arm comprises a series of interlocking links, each link 
having a hemispherical protrusion and a hemispherical indentation. 

35 90. The system according to claim 89 wherein the links are constructed from a polymer. 

91. The system according to claim 90 wherein the polymer comprises a glass fiber filled thermoplastic. 

92. The system according to claim 91 wherein a surface of the hemispherical protrusion and a surface of the hemi- 
40 spherical indentation has a roughened texture. 

93. The system according to claim 89 wherein a surface of the hemispherical protrusion and a surface of the hemi- 
spherical indentation has a series of interlocking dimples and depressions. 
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94. The system according to any of claims 1 to 1 3 wherein the means for spreading the first paddle and second paddle 
apart further comprises a spreading actuator disposed on the proximal end of the arm, while the 

95. The system according to claim 94 wherein the spreading actuator further comprises a torque screw. 

96. The system according to claim 1 wherein the means for spreading the first paddle and second paddle apart further 
comprises a spreading actuator disposed away from the distal end of the arm, while the first paddle and second 
paddle are disposed on the distal end of the arm. 

97. The system according to claim 96 wherein the spreading actuator further comprises a torque screw. 

98. The system according to claim 96 wherein the spreading actuator further comprises a hydraulic reservoir. 

99. The system according to claim 89 wherein the first hemispherical surface has a series of first protrusions of a first 
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protrusion shape. 

100.The system according to claim 99 wherein the second hemispherical indentation has a series of second indenta- 
tions of a second indentation shape. 

5 

101 .The system according to claim 100 wherein the first protrusions are substantially the same size as the second 
indentations. 

102. The system according to claim 100 wherein the first hemispherical surface has a series of first indentations of a 
io first indentations shape. 

103. The system according to claim 100 wherein the second hemispherical indentation has a series of second protru- 
sions of a second protrusions shape. 

is 1 04.The system according to any preceding claim wherein the first paddle has a first bottom surface shaped to engage 
the surface of the tissue, the bottom surface having means to enhance the friction between the tissue and the 
paddle bottom surface. 

1 05. The system according to claim 1 04 wherein the first bottom surface further comprises a series of tissue puncturing 
20 cleats. 

106. The system according to claim 105 wherein the series of tissue puncturing cleats extend for a distance between 
0.25 and 1 .0 millimeter from the first bottom surface. 

25 107.The system according to claim 105 wherein the series of tissue puncturing cleats are hollow. 

108.The system according to claim 107 wherein the series of tissue puncturing cleats are coupled to a dispensing 
reservoir. 

30 109.The system according to claim 108 wherein the dispensing reservoir contains a medicinal substance. 

110. A system for temporarily immobilizing an area of tissue comprising: 

a paddle assembly, the paddle assembly having a first paddle and a second paddle, the paddle assembly 
35 further having means for moving the first paddle relative to the second paddle; 

an arm having a distal end and a proximal end, the distal end coupled to the paddle assembly, the arm having 
means for permitting the arm to flex, the arm having means for fixing the arm to an object; and 
arm locking means coupled to the arm, the arm locking means permitting the locking of the arm in any selected 
position wherein the distal end of the arm is maintained in the selected position. 

111. The system according to claim 110 wherein the means for moving the first paddle relative to the second paddle 
further comprise means for spreading the first paddle away from the second paddle. 

112. The system according to claim 111 wherein the means for spreading the first paddle and second paddle apart 
further comprises a spreading actuator disposed on the proximal end of the arm, while the first paddle and second 
paddle are disposed on the distal end of the arm. 

113. The system according to claim 112 wherein the spreading actuator is a torque screw. 

11 4. The system according to any of claims 110 to 113 wherein the first paddle has means for engaging heart tissue. 

115. The system according to claim 114 wherein the means for engaging heart tissue further comprises at least a first 
suction port positioned along a first surface of the first paddle. 

1 1 6. The system according to claim 1 1 5 wherein the means for engaging heart tissue further comprises at least a second 
suction port positioned along a second surface of the second paddle. 

117. The system according to claim 116 wherein the first surface and the second surface are generally within the same 
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plane. 

118. The system according to any of claims 110 to 117 wherein the first paddle is adapted to have a first surface which 
conforms to the surface of the heart. 

5 

11 9. A system for stabilizing tissue comprising 

a paddle assembly, paddle assembly having a fist paddle and a second paddle, the paddle assembly further 
having means for Spreading the first paddle away from the second paddle; 
10 an arm having a distal end and a proximal end, the distal end coupled to the paddle assembly, the arm having 

means for fixing the arm to an object; and 

means for spreading the first paddle and second paddle apart, the means for spreading coupled to a proximal 
end of the arm. 

is 120.The system according to claim 119 wherein the first paddle has a first surface, a first suction port positioned within 
the first surface, a second suction port positioned within the first surface, a third suction port positioned within the 
first surface. 

121 .The system according to claim 120 wherein the first suction port, the second suction port, and the third suction 
20 port are all in a linear relation. 

122.The system according to claim 119, 120 or 121 wherein the means for spreading further comprise means for 
independently spreading the first paddle and second paddle apart. 

25 123.The system according to any of claims 11 9 to 1 21 wherein the means for spreading the first paddle away from the 
second paddle further comprising means for spreading the first paddle away from the second paddle in parallel 
relation. 

124. The system according to any of claims 11 9 to 1 21 wherein the means for spreading the first paddle away from the 
30 second paddle further comprising means for spreading the first paddle away from the second paddle in a non- 
parallel relation. 

125. The system according to any of claims 119 to 124 wherein the means for spreading the first paddle and second 
paddle apart further comprising a spreadable hinge. 



35 



126.The system according to any of claims 119 to 125, further comprising means for simultaneously activating the 
means for spreading the first paddle and second paddle apart. 
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